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Abstract 
Our research aims to define a model which constitutes a first framework to plan and to control both passengers and 
goods flows in the urban environment. It focuses on the sharing concept which means to make a joint use of transport 
resources between passengers and goods flows. The proposed concept leans on the statement that: “There is sufficient 
overlap between passenger & freight urban transport systems to be able to build on and integrate existing 
infrastructure of both passenger & freight systems” [1].  
Consequently, to integrate passenger & freight flows in the existing urban transport systems, it is necessary to 
characterize this overlap, which means to quantify both flows.  
Starting from freight flows, our paper presents a methodology aiming to define an appropriate sizing of delivery 
volumes by business type. The methodology has been implemented in a French medium sized city: La Rochelle. 
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1. Introduction 
Both people and goods co-exist in the urban environment; the ones transported by individual vehicles 
or public transportation systems; the others by freight carriers, shippers, craftsmen, people. Their flows 
strongly linked and in interaction, compose the complex system of urban mobility [2]. In Europe, urban 
passenger transport accounts for a significant share of total transport in terms of passenger km [3] and 
urban freight transport accounts for about 34% of the total freight traffic in tons km [4]. Thus, an efficient 
and effective transport for passenger and goods is an essential element for a balanced European 
development. Facing this challenge, we are interested in finding new approaches to urban mobility. We 
devoted attention to the sharing concept, currently applied to public space design [5]. We transferred the 
sharing concept to the urban transport domain, considering the possibility of making a joint use of 
transport resources, between passenger and goods flows [6]. We conducted a field observation and 
realized different experiments have been implemented in cities leading to a large range of results with 
real cases of shared transport solutions. An inductive reasoning enabled us to move from a set of specific 
facts to establish some concepts and principles in order to manage all urban logistics related to passenger 
and freight transport together as a single logistics system. Starting from the statement that the total 
capacity of public urban transport is currently under used [1] we gathered a comprehensive package of 
detected shared transport solutions. We then conceived a radical new urban transportation system more 
equitable and efficient supporting economic development and able to increase consumer benefits as well 
as reduce environmental impacts. This paper is structured into three sections. The first section presents 
and analyses existing shared transport solutions. Section two presents a conceptual model to plan and to 
control the coexistence of passenger and goods flows in the urban environment. Last section proposes the 
operational point of view of our study and provides steps introducing an approach to implement our 
model.  
2. State of the art 
2.1. Survey on existing shared solutions  
Different experiments have been implemented in cities leading to a large range of results, showing in 
many cases the difficulty in set up solutions or compromises which can be accepted by stakeholders. 
Unfortunately sporadic information on this topic is available in books, journals, magazines or on web 
sites. Through a literary review it is still possible to detect 14 cities that implemented 10 noteworthy 
shared solutions. Yet for most of them there is a lack of knowledge on the implementation processes and 
outcomes. These experiments are detailed below. In Barcelona two innovative shared solutions have been 
implemented. The first has been implemented in the context of the CIVITAS I MIRACLES project (2002 
– 2006) (available on www.civitas.eu) and it is intended to make multi - use of lanes. That means the 
possibility to use lanes as priority bus lanes, during the peak hours and to convert on-street parking spaces 
into unloading spaces during the prescribed hours. Web-based information services give bus priority 
regulations through variable message signs. 
The second experience regards Night deliveries. This solution aims to manage vehicle traffic in high 
density central business districts of urban areas delivering to retailers and shops in the inner city area 
during the night hours when the city is usually quiet and inactive. Typical times are between 10.00 p.m. 
and 7.00 a.m. Successful trials on night delivery have been made replacing a greater number of vehicles 
operating during day time by a fewer number of vehicles operating during night time [7]. Information on 
the Dublin and New York experiences is available on [8]. [9] [10]. Two interesting experiments have 
been proposed, one in London and another in Newcastle-upon-Tyne, aiming at recognizing lorries, along 
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with buses, as essential components of urban traffic. Here, priority treatment is assured, where possible, 
through the introduction of Shared Bus & Lorry Lanes [11]. Today in Europe, there is only a limited 
number of experiences from this type of prioritisation initiative. Another shared solution has been 
submitted to Transport for London (TfL)’s ‘A New Bus for London’ competition, launched in 2008. The 
proposal introduces an innovative new design that combines a passenger-carrying bus with that of freight 
haulage with minimum disruption to either service. It can be reconfigured in seconds by the conductor or 
driver to carry freight and / or passengers. Furthermore, passenger space and freight space can be easily 
adjusted to match demand [1]. The idea of Shared Buses to transport passengers and goods has been 
implemented in in Germany within the framework of MULI project (1996 – 1999). This solution aims to 
combine a door-to-door service for passengers and a transport service of goods (parcels and small 
packets) in order to develop a public transport service oriented to user needs immediately. The project 
proposes buses able to carry not only passengers, but also small goods. The project took place in three 
German municipalities, Gangelt, Selfkant and Waldfeucht (district of Heinsberg) located at the border to 
the Netherlands, about 20 kilometres north to Aachen. The region is characterized by dispersed 
settlements. Usually, the transport of small goods was carried out in an uncoordinated way by different 
service providers. The MULI project aimed at bundling up these transportation trips [12]. In addition, 
some Japanese, American and Dutch cities have also considered the option to share subway [13] [14]. 
This solution aims to reserve access to underground infrastructures, during specific periods, for delivery 
vehicles, considering that within urban areas there are only limited opportunities to enhance physical 
capacity of road infrastructure at surface level.  
In Zurich, Dresden end Vienna the solution to share tramway network has been implemented. In 
Zurich, Cargo tram and E Tram assure free services to collect large and heavy rubbish and electrical 
items such as hairdryers, keyboards, etc. This offer is reserved for pedestrians, cyclists and passengers 
using public transport at stated times and stops on the line. In Dresden, supplies to the Volkswagen 
factory are delivered by tram. In Vienna there are plans to introduce a freight tram service. Various Dutch 
cities are also planning freight tram services. Among these, the plans of Amsterdam are most advanced 
[14]. Some experiments has been conducted in Osaka, La Rochelle and Genoa about the possibility of 
enlarging urban use of sharing vehicles for goods distribution to answer a demand for goods 
transportation by craftsmen, shopkeepers and even citizens. In Osaka, a new co-operative system of 
electric vehicles started, in 1999. In Genoa, car-sharing service dedicated to goods transport (Van-Sharing 
service) has been introduced within the framework of the CIVITAS CARAVEL project, (2005 – 2009). 
The goal is to rationalize the vehicles used by traders who transport goods to shops with their own cars. 
Since 2008 in La Rochelle, a van sharing service has been introduced too within the framework of the 
CIVITAS SUCCESS project (2005 – 2009). To increase parking areas in Paris, Shared delivery bays 
have been recently implemented allowing all vehicles parking in loading/unloading bays during the night 
and bank holiday. Parking areas should only be restricted to delivery vehicles if absolutely necessary 
[15]. To reduce the traffic in Paris, automatic goods lockers have been implemented in car parks to avoid 
small shop workers and technicians to make daily return trips to their providers in the suburbs. The 
Consignity Company set up the first Paris network of eight logistic relays located in car parks of the city 
[16]. Thus, small shops and customer service professionals received during night their spare-parts 
delivered by the freight company of their choice on dedicated urban logistic automats. At the same time, 
lockers in underground stations have been set up to facilitate consumer deliveries too: Coliposte, the 
parcel division of LaPoste, launched during 2006 a postal lockers service: Cityssimo [14] .This service is 
becoming increasingly popular in Europe. Again in Paris, Chronopost International, in cooperation with 
the city: the setup of an urban delivery station in the underground car park of La Concorde to deliver the 
Champs Elysées quarter. This solution aims to set up services and infrastructures for urban distribution in 
urban areas. This experiment has seen interesting results achieving reductions in greenhouse gas 
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emissions [14] . To summarize, 10 shared transport solutions selected through the survey are: Multi - use 
of lanes, Night Deliveries, Shared Bus & Lorry Lanes, Shared Buses, Shared subway, Shared tramway, 
Shared Car sharing, Shared delivery bays, Goods lockers in car parks, Lockers in underground stations 
and Delivery stations in car parks. 
2.2. Toward a sustainable urban transport: Three emerging directions 
The concept of sustainable transport has been defined in April of 2001 by the European Council of 
Transport Ministers as a system that [17]: 
x allows the basic access and development needs of individuals, companies to be met safely, in a manner 
consistent with human and ecosystem health and promises equity within and between successive 
generations; 
x is affordable, operates fairly and efficiently, offers choice of transport mode and supports a 
competitive economy as well as balanced regional development; 
x Limits emissions and waste within the planet’s ability to absorb them, uses renewable resources at or 
below their rates of generation and uses non-renewable resources at or below the rates of development 
of renewable substitutes while minimizing the impact on land and the generation of noise”. 
 
Sustainable urban transport means to make sustainable transport in cities [18]. Cities pursuing 
strategies to reach sustainable transport implement a wide range of actions but they are very often not 
successful. That’s because they try to meet the passenger and goods transport demand through a 
“compartmentalized approach” [19]. The European Commission affirms the current transport 
management represents the main barrier to change the approach to answer passengers and goods transport 
demands. The European Commission states: “ public passenger transport is usually supervised by the 
competent administrative body while freight transport distribution is normally a task for the private 
sector. Furthermore the two supervisors have an incompatibility of interests”[20]. Thus, The European 
Commission suggests rethinking urban mobility: 
x optimizing the use of all the various modes of transport and organizing "co-modality" between the 
different modes of collective transport (train, tram, metro, bus, taxi) and the different modes of 
individual transport (car, motorcycle, cycle, walking).  
x Achieving common objectives in terms of economic prosperity managing transport demand to 
guarantee mobility, quality of life and environmental protection.  
x Reconciling freight transport and passenger transport interests whatever the mode of transport used. 
 
Faced with these objectives, it is possible to affirm the proposed set of 10 solutions really contribute 
cities to reach sustainable transport. That’s because they move in the direction of three strategic axes:  
x Axe 1. to improve the sharing of road space between private & public motorized road transport 
passenger flows and private motorized road transport goods flows, 
x Axe 2. to shift passenger and goods flows from private motorized road transport to other urban 
transport modes – i.e. public transport like buses, tramways, subways, car & bike sharing systems - . 
An increased use of public means could release cities from congestion while increasing revenues of 
public transport and making it less subsidy dependent. 
x Axe 3. to introduce distribution facilities- like consolidated centers, urban delivery stations and storage 
equipment - in urban areas already devoted to passengers – i.e. car park areas, public transport stations, 
etc. - .This could be useful to avoid empty runs or unnecessary driving and parking. 
 
 Table 1 divides solutions into three clusters, corresponding to the axes above. 
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Table 1. Three strategic axes and shared solutions 
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3. Conceptual point of view 
3.1. Toward two archetypes 
After studying several real cases of implemented solutions, an inductive reasoning enabled us to move 
from a set of specific facts to establish some concepts and principles in order to manage all urban 
logistics related to passenger and freight transport together as a single logistics system. Starting from the 
statement that the total capacity of public urban transport is currently under used [1], we gathered a 
comprehensive package of shared transport solutions. We then conceived a radical new urban 
transportation system, more equitable and efficient supporting economic development and able to 
increase consumer benefits as well as reduce environmental impacts. To plan and to control the radical 
new urban transportation system we introduced two archetypes (Fig. 1). 
 
 
 
Fig. 1. The first archetype on the left and the second on the right 
The first archetype has the ambitious plan to design a shared public transport network ensuring a 
shared movement of passengers and goods in urban environment. (Fig. 1 left). A second archetype will be 
necessary to develop consolidation centers and cross-docks for freight movement and hubs for passenger 
and freight delivery and collection. Many of these elements already exist and can be linked into a single 
existing infrastructure such as intermodal stations & depots; haulage/sorting depots etc. Hubs would also 
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be located at major public transport stops and concentrations of retail, commercial & light industrial units. 
(Fig. 1 right). Thus we group shared transport solutions in two archetypes Table 2. 
Table 2. Shared solutions and archetypes 
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3.2. Which approach to plan the new shared transport system? 
Previous archetypes point out two activities which have to be combined in order to rationalize freight 
and passenger flows in the city. The same combination of activities must be managed within the frame of 
a manufacturing context: transformation and storage. For this reason we propose to derive manufacturing 
management concepts from our context to develop a global transportation planning. This supposes the 
defining of at least two basic elements; i.e. load and capacity. The system we want to show is composed 
of a public lines (bus, tramway, etc.) dedicated to shared transport (goods plus passengers). The line is 
connected to two UCCs ensuring the storage of goods. Different stops are identified all along this line 
(Si). Capillary systems distribute goods toward shops (destinations of the goods) which are associated to 
stops. This gives a geographical decomposition of our global system by area (A1, A2,…, Ai). Therefore 
we must determine the load associated to each stop (Aload) in order to determine the capacity for each 
capillary system and the capacity of the overall line. Thus, it is possible to propose a coherent 
transportation planning. To calculate the load associated to one area it is necessary to determine the load 
by daily slots considering the fact that this load is not constant; i.e. a time load. Then it is important to 
regard the load in terms of passenger transportation by area and by daily slots so we can determine the 
overall load for the line. Finally, it is necessary to stress that the assumptions of the model require that the 
level of service ensured to passengers using public transport remains unchanged. The main constraint in 
the formulation of the problem is that the level of service ensured to passengers using public transport has 
to remain unchanged once freight flows are added to the transport service. Hence our preliminary 
reflexion give sense to the concept of transportation planning derived from manufacturing planning and 
which is based on the adequacy load / capacity. 
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Fig. 2. As a (usual) scenario – left - as a (to be) scenario – right – for public transport 
4. Operational point of view 
Once the archetypes defined, we have to design and build a realistic and fully operational model 
through which give a quantitative estimation of the feasibility to adopt such an innovative urban transport 
system. Scientific literature does not possess, to our knowledge, models directly adapted to this problem 
[21]. For this reason we started the development of a new one. The operational model needs a 
mathematical program based on algorithms: 
x to quantify urban freight flows; 
x to estimate the residual transport capacity of public transport services; 
x to define the best combi - passengers plus goods - scheduling and the related goods distribution 
capillary system, ensuring on one hand, passengers reach their destinations at scheduled times, and on 
the other hand, final customer deliveries requirements are satisfied; 
 
Starting from freight flows, this paragraph explains the methodology to define an appropriate sizing of 
delivery volumes and shows the main findings by business types according to its implementation in a 
French medium sized city: La Rochelle 
4.1. La Rochelle as implementation site 
Our case study in La Rochelle is considered as an avant-garde city in the field of urban mobility 
through its participation in European programs and its national award-winning innovations [22] [23]. The 
area of study is extended from the inner center to include the "Minimes" district (Fig. 3): 
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x the inner center represents the most attractive area with 10,827 inhabitants and almost 2,000 economic 
entities. 
x the "Minimes" district is Europe's biggest pleasure boat Marina on the Atlantic coast, with 3500 
berths, mooring for thousands of yacht located about 2 km south of the original old inner city harbor.  
 
We choose La Rochelle because it is a medium sized – city and this city size is the target for our 
model. That’s because .medium sized cities played a central role in the overall European urban system 
(reference). Regarding transport, the main characteristics of these cities are the small surface area, the 
smaller quantity of human contact and the small investment capacity. Buses often provide the main form 
of public transport. They have a low demographic density with the population often spread over a large 
area sometimes in surrounding small towns which are included in the overall city “life zone”. On the one 
hand, this means short travel times, good accessibility and freedom to travel. But, on the other hand, it 
makes public transportation systems very difficult to organize [24]. 
 
 
Fig. 3. The La Rochelle center, the "Minimes" district 
4.2. The method 
Drawing on the existing literature [25] [26] [27] and taking into account the research needs, we 
finalized a methodology to define an appropriate sizing of delivered freight flow volumes. The 
methodology is structured on three phases. Fig. 4 reports the diagram of the analysis model.  
 
PHASE 1
INSEE DATABASE 
OF ESTABLISHEMENTS
PHASE 2
STRATIFIED 
SAMPLING
PHASE 3
SURVEY OF THE 
ESTABLISHMENTS
DESCRIPTION OF:
• Assortment type
• Product value&volume
• Delivery frequency
 
Fig. 4. The diagram of the analysis model 
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During the first phase, it was necessary to collect data on establishments in order to understand 
economical characteristics, i.e. parameters describing features of economic activities present in the 
intervention zone (the density and the surface of production, commercial, small businesses and other 
activities, etc.). The INSEE’s SIRENE database of companies and establishments ensured that procedures 
could be repeated in subsequent surveys. The second phase allowed identifying seven types of businesses 
with particular relevance to the urban context. They are grocers, public offices, hotels, tertiary 
offices/general business services, bar, restaurants, clothing shops (Table 3). In the third phase a survey 
was carried out covering 60% of the total number of establishments contained in the sample (Table 3). A 
great deal of time and effort was invested in setting up the survey and ensuring that an acceptable 
response rate was achieved in order to elicit meaningful results. The expected results focus on: the 
delivery assortment type, the product value, the product volume, the delivery frequency. A questionnaire 
allowed us to provide this information ( Table 4 and Table 5 ). Pertaining to the restaurants, we stated that 
the range of the delivery frequency is between 4 and 10 times/week. The value, apparently 
underestimated, corresponds to the range found during the inquiry. The aim is to build a management 
model adapted to local city managers and guide them in the process of optimizing the all passengers and 
goods transport activities. 
Table 3. Structure of the simple and nb of interviewed units 
 BUSINESSES NB.UNITS WHEIGHT (%) 
1 Grocers 297 14 
2 Public Offices 337 16 
3 Hôtels 34 2 
4 Tertiary offices/General Business Services 541 25 
5 Bar 39 2 
6 Restaurants 175 8 
7 Clothing stores 61 3 
 TOT.NB. UNITS 1484 69 
 NB. OF INTERVIEWED UNITS 60% of 1484 = 890 
Table 4. Delivery assortment by type of business 
BUSINESSES Fresh Dry Consumables No food Clothing Fragile Frozen TOT 
Grocers 26% 57% 14%    3% 100% 
Public Offices   100%     100% 
Hôtels  30% 70%     100% 
Tertiary offices/Services    74%  26%  100% 
Bar  3% 5%   92%  100% 
Restaurants 56% 14% 30%   3% 7% 100% 
Clothing shops    10%  90%   100% 
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Table 5. Deliveries frequency, average weight and product value by type of business 
BUSINESSES 
Delivery frequency 
(Times/week) 
Delivery average weight (kg) Product value 
Grocers 1<x<15 33 Low 
Public Offices 3 18 Medium 
Hôtels 4<x<13 26 Low 
Tertiary offices/General 
Business Services 2 10 Medium 
Bar 1<x<2 7 Low 
Restaurants 4<x<10 23 Low 
Clothing shops 2<x<12 31 Low, Medium 
5. Conclusion 
This paper proposes new methods for urban freight transport as well as transshipment technologies to 
be integrated into existing urban transport systems. Further research is needed to determine whether or 
not and how much these innovations can lead to greater transport efficiency. As [28] observed, theoretical 
research cannot provide enough information and actual testing (laboratory, field or other ways) is 
required. Further research is also needed to examine the financial, organizational and legal barriers to the 
implementation of the proposed innovations. We feel the importance of these barriers warrant careful 
attention and should therefore not be neglected in the future. Finally, it is necessary to stress the 
assumptions of the model require the level of service ensured to passengers using public transport remain 
unchanged.  
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